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Abstract: The aim of this study was to evaluate the antimutagenic activity of the methanol extract of Origanum vulgare L. subsp.
vulgare. Antimutagenic activity was estimated by employing the plate incorporation AMES/Salmonella histidine reversion assay. The
base pair substitution tester strain Salmonella typhimurium TA1535 and the frame shift mutagen strain S. typhimurium TA1538
were used against direct acting mutagens - sodium azide (NaN3), 4-nitro-1-quinoline oxide (4NQO) and the S9-dependent mutagen
2-aminofluorene (2AF). The results suggested that in the absence of S9 metabolic activation, all 3 doses (5, 0.5, and 0.05 μg/plate)
of the plant extract tested caused statistically significant (P < 0.05) antimutagenic activity on TA1535 strain, but not on TA1538
strain. However, in the presence of S9 microsomal fraction, the plant extract exerted moderate antimutagenic activity against the
2AF mutagen and reduced mutant colonies in TA1535 and TA1538 strains. As a result, the methanol extract of Origanum vulgare
subsp. vulgare showed antimutagenic effects at 5, 0.5, and 0.05 μg/plate concentrations. These effects may be explained with the
antioxidant activity mechanism, changes in membrane lipids, and permeability of ion channels.
Key Words: Origanum vulgare subsp. vulgare, methanol extract, antimutagenicity, AMES Salmonella/microsome test system, S9metabolic activation system

Türkiye’nin Doğu Anadolu Bölgesinden Toplanan Origanum vulgare L. subsp. vulgare’nin
Metanol Ekstresinin Antimutajenik Potansiyelinin Araştırılması
Özet: Bu çalışmanın Origanum vulgare L. subsp. vulgare bitkilerinin metanol ekstresinin antimutajenik aktivitesini araştırmak için
yapılmıştır. Özütün antimutajenik aktivitesi; baz çifti değişimine sahip olan TA1535 ve çerçeve kayması tipi mutasyonlara sahip olan
TA1538 mutant Salmonella typhimurium test bakterilerine karşı direkt mutajenler sodyum azit (NaN3), 4-Nitro-1-quinoline oksit
(4NQO) ve indirekt mutajen 2-aminofluorene (2AF) kullanılarak AMES/Salmonella histidin test sistemi petri karşılaştırma yöntemine
göre değerlendirilmiştir. Sonuçlar; S9 metabolik aktivasyon yokluğunda test edilen bitki özütünün üç dozu da TA 1535 suşu üzerinde
istatistiksel olarak önemli (P < 0,05) antimutajenik aktivite gösterirken TA 1538 suşu üzerinde herhangi bir aktivite
göstermemektedir. Bununla birlikte S9 mikrozomal fraksiyon varlığında bitki özütü, 2AF mutajenine karşı orta dereceli antimutajenik
aktivite göstermiş, TA1535 ve TA1538 suşlarında mutant kolonileri azalttığı tespit edilmiştir. Sonuç olarak, O. vulgare subsp. vulgare
ektraktının 5, 0,5, ve 0,05 μg/plate konsantrasyonlarında antimutajenik etki göstermektedir. Bu etkiler antioksidan aktivite
mekanizması, membran lipidlerinde değişiklik ve iyon kanallarının geçirgenliğinin değişmesi ile açıklanabilir.
Anahtar Sözcükler: Origanum vulgare subsp. vulgare, metanol ekstresi; antimutajenite, AMES Salmonella/mikrozom test sistem; S9metabolik akivasyon sistem

271

Investigation of the Antimutagenic Potentials of the Methanol Extract of Origanum vulgare L. subsp. vulgare in the Eastern Anatolia Region of Turkey

Introduction
Currently cancer is one of the most important diseases
in the world initiated by DNA damage caused by natural
or synthetic chemicals in the environment (1, 2). It is well
known that many substances in the environment may
result in mutagenesis, such as benzo[a]pyrene and
heterocyclic amines after undergoing metabolic activation
by cytochrome P450 enzymes (2-4). These mutagenic
molecules are capable of inducing cancer and many other
genetic disorders in living organisms. On the other hand,
a number of previous studies have shown that medicinal
or food plants may have antimutagenic substances which
can strongly inhibit mutations caused by mutagens (511). Therefore, studies are currently in progress to
identify the environmental mutagens in order to minimize
the risk and to evaluate antimutagenic properties of the
medicinal plants that can be used in cancer treatment (12,
13).
In vivo and in vitro studies showed that some natural
compounds obtained from fruit, leaf, and roots of plants
have regulatory roles on xenobiotic effects (14). To
determine, identify, and characterize the antimutagenic
and anticarcinogenic effects of these compounds is an
important strategy to decrease the development of cancer
in humans. Some bioactive compounds and their
derivatives are observed inhibiting the carcinogenesis
including the beginning, development, and spreading
phases in experimental systems. Recent research has
underlined the chemo-preventive activity of several
secondary plant metabolites (15).

Origanum genus is a member of the Lamiaceae family
(Labiatea). Origanum vulgare L. spp. vulgare is one of the
most widely distributed subspecies growing in the eastern
Anatolia region of Turkey. It is used as a traditional
remedy to treat various ailments such as whooping and
convulsive coughs, digestive disorders, and menstrual
problems (16-21). Origanum plants belonging to
different species and ecotypes (biotypes) are widely used
in agriculture and the pharmaceutical and cosmetic
industries as a culinary herb, flavoring substances of food
products, alcoholic beverages, and perfumery for their
spicy fragrance (19, 22-24).
So far chemical composition and some biological
activities, such as antimicrobial and antioxidant
properties, of the essential oils and extracts of O. vulgare
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subsp. vulgare grown in the eastern part of Turkey have
been reported (21). To the best of our knowledge, there
have been no attempts to investigate the antimutagenic
effect of O. vulgare subsp. vulgare extract, which may
have pharmacological importance in cancer prevention.
Therefore, the aim of this study was to investigate the
antimutagenic activity of O. vulgare subsp. vulgare.

Materials and Methods
Plant material

Origanum vulgare subsp. vulgare at the flowering
stage were collected from rocky mountain areas in the
vicinity of Oltu (Erzurum, Turkey) in June and August
2006. The taxonomic identification of plant materials was
confirmed by Dr. Meryem Şengül, Department of Biology,
Atatürk University, Erzurum. Collected plant materials
were dried in shadow and ground in a grinder to 2 mm
diameter mesh size. A voucher specimen has been
deposited at the Herbarium of the Department of Biology,
Atatürk University, Erzurum, Turkey (ATA HERB No.
9731).
Chemicals
Direct acting mutagens, sodium azide (NaN3), 4-nitro1-quinoline oxide (4NQO), and S9-dependent mutagen 2aminofluorene (2AF), were obtained from Sigma–Aldrich
Co (St. Louis, MO, USA). All solvents and pure chemicals,
magnesium sulfate (MgSO4), sodium ammonium
phosphate (Na2NH2PO4), D-glucose, L-histidine, D-biotin,
sodium chloride (NaCl), L-histidine HCl, sodium
phosphate-dibasic (Na2HPO4), crystal violet, citric acid
monohydrate, potassium phosphate-dibasic (K2HPO4),
and sodium phosphate-monobasic (NaH2PO4), were also
obtained from Sigma, Merck, and Fluka.
Preparation of the methanol extract
The dried and powdered leaves (500 g) were extracted
with 1 l of methanol using a Soxhlet extractor (ISOPAD,
Heidelberg, Germany) for 72 h at a temperature not
exceeding the boiling point of the solvent (25). The extract
was filtered using Whatman filter paper (no. 1) and then
concentrated in vacuum at 40 °C using a rotary
evaporator (Buchi Labortechnic AG, Flawil, Switzerland)
yielding a waxy material 20.14% v/w. The extract was
then lyophilized and kept in the dark at + 4 °C until
tested.
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S9-based metabolic activation system
Male Sprague Dawley rat liver post-mitochondrial
supernatant (S9 fraction) induced by Aroclor 1254 was
purchased from Moltox (Molecular Toxicology, Boone,
NC, USA). The metabolic activation system (S9 mixture)
was prepared with 10% rat liver homogenate (S-9
microsomal fraction) using NADPH (Nicotinamide adenine
dinucleotide phosphate-H) reagent (Glucose-6-phosphate,
MgCl/KCl in 0.1 M phosphate buffer, pH 7.4) and NADP
(Nicotinamide adenine dinucleotide phosphate); the
mixture was kept on ice during testing.
Bacterial strains and antimutagenicity assay
The potential antimutagenic effect of the methanol
extract of O. vulgare L. subsp. vulgare was evaluated on
2 S. typhimurium strains - TA 1535 (ATCC 29629; base
pair sunstitution mutation) and TA1538 (ATCC 29631,
frameshift mutation), provided by The American Type
Culture Collection-Georgetown University, Bacteria
Department, Washington, USA. The standard plateincorporation mutagenicity assay was performed
according to the method described by Mortelmans and
Zeiger (4). For all assays, fresh bacterial cultures were
prepared from frozen stocks and incubated and shaken
overnight at 37 °C to a concentration of approximately 12 109 CFU/ml.
The known mutagens, 4-nitro-1-quinoline oxide
(4NQO in DMSO 0.2 μg/plate) for TA1538 without S9,
Sodium azide (NaN3 in distilled water 1 μg/plate) for TA
1535 without S9, 2-aminofluorene (2AF in DMSO 600
μg/plate) for all strains with S9, were used as positive
controls and 10% DMSO was negative control in this
study. Overnight bacterial culture (0.1 ml), mutagens
(4NQO and NaN3) (50 μl), and test compounds (different
concentrations (0.05, 0.5, and 5 μg/plate) in 10% DMSO)
(50 μl) were added to 2 ml of top agar containing 0.5
mM histidine/biotin. Furthermore, the effect of the
extract on the mutagenicity of promutagen 2AF in the
presence of metabolic activating system (S9 mix) was
evaluated by mixing 0.5 ml of S9 mix directly with 2 ml
of top agar containing 0.1 ml bacterial cultures and 50 μl
of 2AF mutagen. Then, the mixture was poured onto
minimal glucose plates. Histidine independent revertant
colonies and viable cells were scored on plates after
incubation at 37 °C for 48 or 72 h. The experiments were
repeated at least twice and each concentration was
determined in triplicate. After incubation, revertant
colonies were counted and the percentage inhibition assay
was calculated: [1-T/M] 100, where T is the revertants

per plate in the presence of mutagen and plant extract
and M is the revertants per plate in the negative control
(10% DMSO, no plant extract). A non-antimutagenic
effect was considered to give a value smaller than 25%, a
moderate effect a value between 25% - 40%, and strong
antimutagenicity a value greater than 40% (26).
Statistical analysis
The results are presented as the average and standard
error of the 3 experiments with triplicate plates/dose
experiment. The data were further analyzed for statistical
significance using analysis of variance (ANOVA) and the
difference among means was compared by high-range
statistical domain using Tukey’s test. A level of probability
<0.05 was taken as statistically significant.
Results
The effect of the methanol extract of O. vulgare
subsp. vulgare on the histidine revertants induced by
direct and S9 dependent mutagens is presented in Tables
1 and 2. The results of the present study showed that
methanol extract of O. vulgare subsp. vulgare exerted
significant inhibition against both tester strains - TA1538
and TA 1535 of S. typhimurium comparing with positive
control where revertants were induced by 2AF. All of the
methanol extract of O. vulgare subsp. vulgare indicated
that O. vulgare subsp. vulgare extract has antimutagenic
activity. On the other hand, the presence of S9
microsomal fraction, plant extract provided moderate
antimutagenic activity against the 2AF mutagen.
The antimutagenic activity of O. vulgare subsp.
vulgare extract was determined as dose dependent. The
data suggested that O. vulgare subsp. vulgare extract has
better antimutagenic effect (28% - 52%) on the TA1535
strain carrying base substitution mutation comparing with
the inhibition rate (28%) of TA1538 strain with frameshift mutation. The maximum inhibition was 52%
observed with strain of TA1535 at the concentration of
0.5 μg/plate followed by 46% (5 μg/plate) and 26%
(0.05 μg/plate) (Table 1).
In the absence of S9-based metabolic activation, all 3
doses of the plant extract caused a statistically significant
(P < 0.05) antimutagenic activity on TA 1535 strain. The
extract suppressed mutagenesis by 24% - 40%. Similarly
the highest inhibition was obtained by 0.5 μg/plate
extract. On the other hand, all 3 doses of O. vulgare
subsp. vulgare extract did not show significant inhibition
on the revertants of TA1538 strain (Table 2).
273

Investigation of the Antimutagenic Potentials of the Methanol Extract of Origanum vulgare L. subsp. vulgare in the Eastern Anatolia Region of Turkey

Table 1. Antimutagenicity of plant extracts of Origanum vulgare subsp. vulgare against Salmonella typhimurium (TA1538, TA1535)
with metabolic activation (S9) mean and S.E. of 9 plates.
Number of revertant colonies
Test items

Concentration
(μg/plate)

TA 1535-S9
Mean ± S. error

Negative control‡
Positive control†

Extract

TA 1538-S9

Inhibition %

600

5.33 ± 1.52
405.00 ± 14.18

5
0.5
0.05

192.67 ± 30.81*
217.33 ± 15.24*
319.00 ± 7.63*

Mean ± S.E.

% Inhibition

12.66 ± 2.52
122.66 ± 6.66
52
46
21

87.00 ± 2.64*
105.33 ± 3.52
130.66 ± 1.76

28
–
–

* P < 0.05
‡
Dimethylsulfoxide (10% v/v)
†
2-Aminoflourene

Table 2. Antimutagenicity of plant extract of Origanum vulgare subsp. vulgare against Salmonella typhimurium (TA1538, TA1535)
without metabolic activation (S9) mean and S.E. of 6 plates.
Number of revertant colonies
Test items

Concentration
(μg/plate)

TA 1535
Mean ± S. error

Negative control‡
Positive control†
4NQO
NaN3

Extract

TA 1538
Inhibition %

34.67 ± 4.22
0.2
1

255.0 ± 11.81

5
0.5
0.05

204.33 ± 11.57 *
139.67 ± 35.67 *
156.00 ± 20.07 *

Mean ± S.E.

% Inhibition

10.25 ± 1.31
196.5 ± 10.01

24
40
26

170.66 ± 1.33 *
159.33 ± 9.83 *
165.00 ± 4.05 *

–
–
–

* P < 0.05
‡
Dimethylsulfoxide (10% v/v)
†
4-nitroquinoline-1-oxide (for TA 1538) and Sodium azide (for TA 1535)

Discussion
The results suggested that the extracts inhibited
mutagenicity induced by direct and S9 dependent
mutagens on TA 1535 strain. The activity was higher in
the presence of S9 mixture. The activity of the extract
may be explained by ROS radicals scavenging properties
of Origanum species (6-9, 27) and/or alteration in
enzymatic activity such as chytochrome P450 enzyme
involved in mutagen metabolism (6-9, 27 & 28).
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Previous observations indicated that essential oils of
O. vulgare subsp. vulgare have genotoxic and
antigenotoxic effect against 4NQO and 2AF mutagens on
S. typhimurium TA98 and TA100 strains (28). It was
determined that the genotoxic and antigenotoxic effect
was related to carvacrol of the essential oil which reduces
SCE (Sister Chromatid Exchange) rate (29). This is the
first study showing O. vulgare subsp. vulgare extract has
an antimutagenic activity, which may be related to their
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chemical component including caryophyllene, spathulenol,
germacrene-d, and a-terpineol providing the antioxidant
activity (21, 30). Similar findings have been reported in
some other studies showing that antimutagenic activity
may be due to its antioxidant activity (28, 31-33). The
antimutagenic activity also might be related to its ability
to change membrane lipids and permeability of ion
channels as suggested by others (28, 34, 35).

Investigation of the antimutagenic potentials of the
methanol extract of Origanum vulgare subsp. vulgare may
confirm the beneficial use of Origanum as a traditional
remedy and the scientific validation for discovery of new
active compounds, which may have a potential to prevent
mutations caused by natural and synthetic mutagens
available in the environment.
Corresponding Author:
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Since the mechanism of antimutagenic activity of O.
vulgare subsp. vulgare extracts was not clear, a further
study is essential to investigate and confirm the chemical
properties of the extract providing antimutagenic activity
using an in vivo test model system and its potential to be
used as an antimutagenic agent.
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